Class III malocclusions with a severe hyperdivergent growth pattern are very complex to plan and treat. This case report describes the treatment of an adult with a skeletal Class III malocclusion with a midface deficiency, severe bilateral posterior crossbite, and a severe hyperdivergent growth pattern by a combination of a bonded rapid maxillary expansion appliance and surgical procedure of Le Fort I osteotomy for maxillary advancement.
INTRODUCTION
Among all the malocclusions, the complexity in diagnosing and treating the cases is more in Class III malocclusions. [1] The complexity further increases if malocclusions have severe hyperdivergent growth pattern. A low prevalence of Class III malocclusions was seen in Indian population when compared to other racial groups. The prevalence was higher in Chinese and Malaysian populations which ranged from 0% to 26%. [1] Multiple combinations of skeletal and dentoalveolar components constitute a Class III malocclusion as reported by various studies that were done to determine the morphologic variability of craniofacial complex in patients with Class III malocclusions. [2] [3] [4] [5] [6] [7] Along with various other factors, skeletal Class III malocclusions can result from the maxillary deficiency or mandibular excess or a combination of both. In an adult with a skeletal Class III malocclusion, the treatment requires dentoalveolar compensation or a combined orthodontic and surgical procedures, with the aim to correct the malocclusion and improve the facial esthetics. [8, 9] The objective of this article is to present the treatment of a skeletal Class III malocclusion in a patient with a midface deficiency, severe bilateral posterior crossbite, and a severe hyperdivergent growth pattern. The dentoalveolar orthodontic compensation and surgical alternatives are discussed.
and had no history of medical or dental trauma. No signs or symptoms of temporomandibular joint dysfunction were noted at the initial examination.
The extraoral clinical examination showed a concave profile caused by a midface deficiency with "sunken in" or flat appearance [10] of the upper lip along with a thin vermilion border [ Figure 1 ]. The cheekbone contour [11] was deficient with acute nasolabial angle. There were no gross asymmetries. The intraoral examination [ Figures 1 and 2] showed an angle Class III malocclusion with severe crowding of 7 mm in maxillary arch with buccally erupting maxillary canines and midline diastema. The mandibular arch showed moderate crowding of 5 mm. The anterior teeth had edge-to-edge relationship with maxillary lateral incisors in crossbite. There was bilateral posterior crossbite with retained maxillary left deciduous canine and left deciduous second molar. The arch width was reduced in premolar region by 11 mm and molar region by 9 mm as evaluated by Pont's analysis. [12] The mandibular dental midline was shifted to the left by 2 mm. Cephalometrically [ Figure 3 ], the patient had a Class III skeletal relationship (ANB angle: −10°) with maxillary retrognathism (SNA: 76°). A severe vertical growth pattern was seen (SN.GoGn: 46°). Maxillary incisors were proclined with the upper incisor at 11 mm and 37° to NA. The lower incisors were retroclined, with an IMPA of 70° and the lower incisor at 21° and 3 mm to NB, resulting in a reduced interincisal angle [ Table 1 ]. The panoramic radiograph showed all permanent teeth including the maxillary and mandibular unerupted third molar buds [ Figure 3 ].
APOS Trends in
Hand-wrist radiograph showed completion of circumpubertal growth [ Figure 4 ].
The treatment objectives
The initial treatment objective was to expand the maxillary arch and correct the transverse discrepancy. The orthodontic procedure would align the maxillary and mandibular dental arches and correct the shift in the dental midline. Our treatment objective also included achieving a Class I skeletal and dental relationship with a pleasing profile and to improve the smile arc. 
Treatment alternatives
Three alternatives were presented to the patient.
• Extraction of maxillary second premolars and mandibular first premolars. The two main advantages of this treatment option were the efficiency to resolve the severe arch length deficiency and correction of molar relationship by protraction of maxillary molars. Nevertheless, a four-premolar extraction treatment would not address the transverse discrepancy and the lip retrusion and might even worsen the profile • Extraction of the mandibular right central incisor.
This would address the arch length deficiency in the mandibular arch. The right central incisor extraction would help in the correction of the lower midline which is shifted toward the left by 2 mm. The nonextraction treatment plan of maxillary arch would help in the correction of crowding by gaining space for it through flaring of the incisors. Class III elastics would help correct the anterior edge-to-edge bite and finish in a Class I molar relationship. However, the facial and smile esthetics would not be optimized • Nonextraction with rapid maxillary expansion (RME) using Hyrax. The arch length deficiency in maxillary arch would be resolved by transverse expansion, followed by which surgical advancement of maxilla can be done. The combined effects of RME and surgical orthodontics would correct both the transverse and anteroposterior discrepancies thus help in achieving ideal dental and skeletal relationships. This would enhance both the profile and the smile esthetics by increasing incisor display.
The nonextraction, RME, and orthognathic surgery option were adopted because it would optimize facial and smile esthetics. Cooperation and stability issues were discussed with the patient and her parents.
Treatment progress
A bonded Hyrax (tooth-borne appliance) was cemented for RME [ Figure 5 ]. The appliance was activated by turning the screw once a day for 30 days, and after sufficient expansion of maxillary arch, the activation was stopped. The achieved expansion was confirmed by the position of maxillary molars in relation to mandibular molars, wherein the palatal cusps of the first molar were in line with buccal cusps of mandibular first molar. [13] This resulted in 10 mm arch widening at the level of maxillary first premolars and 8 mm arch widening at the level of maxillary first molars. Once the activation of RME was stopped, the appliance was locked with a ligature tie and was kept cemented for 3 months for stabilization. After the removal of bonded RME appliance [ Figure 6 ], extractions of the retained maxillary left deciduous canine and left deciduous maxillary molar were done, and the preoperative orthodontic preparation was performed with conventional 0.022-inch MBT appliances. During the bonding of brackets on maxillary lateral incisors, the brackets were rotated by 180° which changed the torque from +10° to −10°. This inversion of the brackets assisted in labial root torque at the rectangular wire stage. [14] The tip stayed the same at 8°. Leveling and alignment began with 0.016-inch nickel-titanium (NiTi) archwires, followed by 0.019 × 0.025-inch NiTi and 0.019 × 0.02-inch stainless steel (SS) rectangular archwires. Transpalatal arch was placed for anchorage control. Decompensation of upper and lower arches was done, and a reverse overjet of 4mm was achieved [ Figures 7 and 8 ]. Final stabilizing archwires in both arches were 0.019 × 0.025-inch SS with crimpable hooks for intermaxillary fixation. This whole presurgical orthodontic procedure took 18 months.
Facebow transfer onto the anatomical articular was done, and a mock surgery was performed to achieve ideal Class I skeletal and dental relationship through maxillary advancement of 6 mm. A surgical splint was fabricated using cold cure acrylic. The patient was then operated with a surgical procedure of Le Fort I osteotomy with 6 mm maxillary advancement using surgical splint as a guide. Splint was left in position with intermaxillary fixation for 2 days. [15] After initial healing of 6 weeks, postsurgical orthodontics was initiated.
Postsurgically, there was posterior open bite of 1 mm at the premolars and the molars [ Figure 9 ]. Hence, settling was done using 0.014″ SS arch wires followed by up and down finishing elastic with Class III vector for a period of 2 months. [16] Since the maxillary central incisors crowns were barrel shaped, we did composite buildup to achieve ideal tooth crown anatomy. After adequate settling was achieved, the appliance was removed [ Figures 10 and 11] . The patient was placed on maxillary and mandibular 0.0125-inch twisted wire bonded onto lingual side of the incisors and canines. The total time duration for the treatment was 24 months.
Treatment results
The facial esthetic was improved with better lip support and improved nasolabial angle [ Figure 10 ]. The smile was enhanced. and the consonant smile arc was achieved. The concavity was corrected with improved upper lip protrusion. Intraorally, the posterior bilateral crossbite was corrected with sufficient expansion of 10 mm arch widening at the level of maxillary first premolars and 8 mm arch widening at the level of maxillary first molars. Le Fort I osteotomy with maxillary advancement helped in correcting anterior teeth relation. Ideal overjet and overbite were achieved with Class I molar and canine relationship. The midlines coincided.
The posttreatment panoramic radiograph [ Figure 12 ] showed good overall root parallelism and lack of root resorption. The pre-and post-treatment lateral cephalographic superimpositions on the anterior cranial base along S-N plane with sella as registration point [Figures 12 and 13] showed satisfactory improvement in ANB angle by 6° and improvement in maxillary position (SNA: 81° and A-Nperp: 3 mm). A favorable profile change by 10° increase in facial profile contoural angle was seen. The mandibular plane angle remained same [ Table 1 ].
DISCUSSION
Approximately, 4% of the population has a dentofacial deformity that requires surgical-orthodontic treatment to correct out of which, Class III patients are a large proportion of those seeking it in a nongrowing patient. [10, 17] Many of the Class III malocclusions are the result of mandibular prognathism; however, some Class III malocclusions are the result of a deficient maxilla, and the treatment plan of choice would be to protract the maxilla downward and forward. [18] Dentofacial deformities characterized by midfacial deficiency are difficult to manage nonsurgically, particularly when a hyperdivergent mandibular growth pattern is present. [19] According to Schudy [20] [21] [22] and Isaacson et al., [23] the degree of inclination of the mandibular plane to the cranial base (SN) has an effect on the degree of mandibular rotation with the growth. The vertical dimension can be managed in hyperdivergent growth patterns by utilizing appliances with interocclusal acrylic such as a bonded expander. [24] A posterior crossbite typically results from a constricted maxillary arch width. Maxillary expansion is a valid way to solve this problem. [25] [26] [27] [28] [29] It was very challenging to use RME appliance (Hyrax) in our patient and to maintain the changes achieved. This appliance helped in correcting bilateral crossbite. Since our patient had a severe hyperdivergent growth pattern, it was very important to avoid the extrusion of maxillary posterior teeth, which would further worsen the vertical growth pattern. Hence, we preferred to use bonded RME appliance. RME produced a significant increase in all maxillary transverse dimensions. [30] The two most commonly cited reasons for extractions today are crowding and profile considerations. [31, 32] An average increase in arch perimeter of 4.7 mm for an average molar expansion of 6.5 mm has been reported. [32] It was possible to correct the crowding present by gaining arch perimeter space through palatal expansion. The main aim of the presurgical orthodontic phase was to correct the incisor inclinations to normal to allow maximum surgical correction. [17, 33] The age of the patient plays a very important role in determining the planning and stability of orthognathic surgery. If the patient had enough growth potential, the severe malocclusion could be corrected without surgery. This depends on a careful clinical evaluation and a valid differential diagnosis followed by proper treatment planning that must include a directionally controlled growth force system. [34] Approximately, 98% of all facial growth ceases by the age of 15 years in girls and 17 or 18 years in boys. [35] Up to age 14, males and females display average yearly maxillary growth increments of 1.14 and 1.31 mm/year, respectively. After age 14, growth increments in females tend to diminish, and at a mean chronological age of 16, growth ceases. [36] The growth of maxilla completed much earlier than mandible. [37] The age of our patient, clinical examination, and radiographic evaluation showed completion of circumpubertal growth which motivated us in planning our treatment protocol. Hence, Le Fort I osteotomy with 6mm maxillary advancement was performed on our patient.
Le Fort I osteotomy resulted in secondary morphological changes in the nose, including alar flaring, as reported by many studies. [38] The nasal changes seemed to be mainly influenced by the movement of the maxilla through Le Fort I osteotomy. This had a negative effect on overall esthetics of the face in those with a wide nasal width. This was extremely important particularly for Asian population because their noses have a wider width and flat appearance. [38] [39] [40] [41] In our patient, after Le Fort I osteotomy, nasal cinching was done to avoid alar flaring. The nasal base width widening was thus prevented.
After the surgical procedure was performed in our patient, there was posterior open bite which was closed using intermaxillary elastics. These elastics were used for 2 months till satisfactory results were obtained. 0.014 SS archwires were placed in both the arches during settling.
The pre-and post-treatment lateral cephalographic superimpositions [ Figure 13 ] showed drastic improvement in hard and soft tissue facial profile. The maxilla achieved an ideal position. The mandibular plane angle was maintained same as that of pretreatment [ Table 1 ]. Maintaining the basal divergence was very important since our patient had a severe hyperdiverging growth pattern.
CONCLUSION
Our results showed a satisfactory improvement in ANB angle and a pleasing external soft tissue profile was achieved. Ideal skeletal and dental relationships were obtained. The combined effect of RME and orthognathic surgery was instrumental in reestablishing the major components of a balanced smile for this patient, whose main concern was her unpleasant smile.
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